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INTRODUCTION 
Groundnut is one of the principal oilseeds in the world. It is cultivated on 
24.8 million ha with a total production of 32.8 million t and an average 
productivity of 1.32 t ha - 1. Developing countries account for 96.9% of the 
world groundnut area and 93.8% of total production. Production is 
concentrated in Asia (56.8% area and 66.5% production of the world) and 
Africa (38.0% area and 24.7% production). The groundnut productivity in 
Africa is only 0.86 t ha - 1 compared with 1.55 t ha - 1 of Asia. The world 
groundnut economy—facts, trends and outlook are described in detailby 
Freeman et al., 1999. Briefly, in medium-term (i.e. up to 2010), 'groundnut 
production and consumption is likely to shift increasingly to developing 
countries; production will grow in all regions but most rapidly in Asia, 
slowly in sub-Saharan Africa and decline in Latin America; and utilization 
will continue to shift away from groundnut oil toward groundnut meal, 
specially confectionery.products'. 
GROUNDNUT IN AFRICA 
Groundnut is one of the important legume crops in most of the production 
systems in Africa. The agro-climatic and production system environments 
of the region are very diverse and the constraints that limit groundnut 
production are many. In spite of large research effort in the past in groundnut 
in Africa, the yields remain low. The low yields are mainly attributed to 
unreliable rainfall patterns with frequent droughts, lack of high-yielding 
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adapted cultivars, damage by diseases and pests, poor agronomic practices 
and limited use of inputs. Although nature provides some narrow window 
of sowing opportunities, logistic problems like shortage of labour and draft 
power cause delays in sowing and weeding, thus, entailing further reduction 
in yields. 
Although groundnut is grown as a sole crop in commercial cultivation, 
the widespread traditional practice throughout the region involves 
intercropping/mixed cropping with cereal crops, particularly sorghum 
(Sorghum bicolor) and millet (Pennisetum glaucum) under subsistence farming 
conditions. The production of groundnut as a sole crop was first dictated 
by the colonial emphasis as a cash crop. Therefore, sole cropping research 
results were not applicable and remain non-adopted by the farmers for 
traditional mixed cropping systems. It is only recently that research on 
mixed/intercropping systems has been initiated. 
GROUNDNUT IN SOUTH AND SOUTHEAST ASIA 
Groundnut, the major oilseed legume in Asia, is grown under varying agro-
ecologies: rainfed, irrigated, and residual moisture, as a sole crop or 
intercropped with low inputs to well managed production conditions. 
Generally, under irrigated conditions, the crop is managed well and high 
yields are obtained. Under rainfed conditions, the crop receives little input 
and suffers from similar constraints that operate in Africa. Consequently, 
realized yields are low and quality of the produce is inferior. In the event of 
end-of-season drought, which is common under rainfed and residual 
moisture conditions, the produce becomes vulnerable to aflatoxin 
contamination. In Southeast Asia, groundnut is sown as a sole crop in rice-
based cropping system either before or after rice. In many areas in South 
Asia, groundnut is intercropped with sorghum and pigeonpea (Cajanus 
cajan) under rainfed conditions. 
YIELD LOSSES DUE TO DROUGHT 
Drought is a major abiotic stress factor affecting yield and quality of rainfed 
groundnut worldwide. Yield losses due to drought are highly variable in 
nature depending on timing, intensity, and duration coupled with other 
location specific environmental stress factors such as high irradiance and 
temperature. An annual estimated loss in groundnut production equivalent 
to US $ 520 million (at the market prices of 1994) is caused by drought. 
Almost half of it (US $ 208 million) can be recovered through genetic 
enhancement for drought resistance with a benefit: cost ratio of 5.2 (Johansen 
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and Nigam, 1994). Further, in the presence of drought, the beneficial effects 
of improved crop management practices in terms of increased production 
are not fully realized. Calcium uptake by pods and N2 fixation processes 
are adversely affected by drought. The photosynthesis is reduced due to 
limited gas exchange. As the crop under end-of-season drought conditions 
has high probability of aflatoxin contamination, it becomes unfit for human 
consumption. Aflatoxin is a key problem for African and Asian countries 
wishing to enter the trade of edible groundnut on a large scale. Since the 
aflatoxin problem is accentuated under drought conditions, genetic 
enhancement for drought resistance should also include aflatoxin 
resistance. 
SCOPE FOR GENETIC ENHANCEMENT IN DROUGHT 
RESISTANCE 
At ICRISAT, three genetic enhancement approaches were developed and 
implemented simultaneously to enhance the adaptation of groundnut to 
drought-prone environments. These were: 
(1) Development of short-duration genotypes that can escape the end-
of-season drought 
(2) Development of genotypes with superior yield performance in 
drought- prone regions following conventional breeding approaches 
(3) Development of drought-resistant genotypes following physiological 
breeding approach 
The last approach involved two steps: 
(i) An understanding of physiological mechanisms of drought 
resistance and development of selection tools to identify 
genotypes with high levels of desirable traits associated with it 
(ii) Initiation of a targeted breeding program to enhance the levels 
of drought resistance traits using novel selection methodologies 
A large Arachis germplasm collection available with ICRISAT gene bank 
provides the base material to follow the above three approaches of genetic 
enhancement in drought resistance. 
DEVELOPMENT OF SHORT-DURATION GENOTYPES 
Where the growing season is short and terminal drought predominates, 
matching of phenological development of a cultivar with the period of soil 
moisture availability is an important drought-escape strategy to minimize 
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the impact of drought stress on crop production. In most of the semi-arid 
tropic (SAT) groundnut growing regions, the rainfall distribution is erratic 
and the season length is less than 100 days (Virmani and Piara Singh 1986). 
ICRISAT has made considerable progress in shortening crop duration of 
groundnut without unduly penalizing realized yield (Vasudeva Rao et al v 
1992). The short-duration varieties developed at ICRISAT have shown 23% 
to 411% superior pod yield over local control varieties in the VIP1 series of 
international trials across several countries (ICRISAT, unpublished data). 
There is scope for more judicious matching of genotype duration with 
most probable soil moisture pattern using soil moisture balance models in 
association with crop-weather modelling and GIS technology. A multi-
location field testing programme will be time consuming and costly. Abetter 
preselection of test genotypes, based on their adaptability to the weather 
and soil data of target locations, should improve overall efficiency of the 
process. In a more predictable environment, a better optimization of crop 
duration can be achieved. However, various growth penalties are associated 
with reducing crop duration to better fit likely soil moisture patterns. 
Primarily, a hurried approach ultimately reduces the yield potential of the 
crop by reducing the length of the growing season. To some extent, either 
increasing the plant density, or identifying genotypes that can flower early 
and have a synchronous pod set, can overcome this. It is sometimes observed 
that early-maturing genotypes have shallow root systems (Fereres et al. 1986; 
Arihara et al. 1991). This renders such genotypes more susceptible to 
intermittent dry spells if grown as a rainy-season crop and to a reduction in 
yield potential due to reduced water use under moisture stress free conditions 
(Fereres et al. 1986). However, genotypic differences in rooting depth have 
been observed in groundnut (Wright et al. 1991; Nageswara Rao et al. 1993), 
suggesting scope for combining early maturity with efficient root system. 
CONVENTIONAL BREEDING APPROACH 
Following the empirical approach of selecting for high pod yield and other 
desirable agronomic characteristics under simulated mid- and end-of-season 
drought conditions in segregating populations and evaluating advanced 
breeding lines under such conditions led to identification of several 
genotypes which could perform well under limited moisture conditions. 
These genotypes, mostly of medium-duration, showed 12% to 144% pod 
yield superiority when tested in the IV t h series of international trials across 
several countries (ICRISAT, unpublished data). 
However, the empirical approach is time consuming, less efficient, 
requires more resources, and does not provide information on the 
mechanisms of better performance of genotypes under drought conditions. 
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PHYSIOLOGICAL BREEDING APPROACH 
As permutations of drought patterns are infinite, it is necessary to have 
information on the effects of various combinations of riming, intensity and 
duration of drought on a range of genotypes to assess the scope for genetic 
enhancement. The effects of varied intensities of single and multiple drought 
patterns on yield of a range of groundnut genotypes have been described 
in detail by Nageswara Rao et al. 1989. A poor relationship between the 
yield potential (achieved under adequate water availability) and the 
sensitivity of genotypes to mid-season drought suggested a possibility of 
identifying and/or developing genotypes with high yield potential and 
relatively low sensitivity to mid-season droughts (Figure 1). 
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However, when droughts occurred during the seed filling period, 
genotypic yield accounted for 90% of the variation in pod yield sensitivity to 
water deficits, suggesting that it may be unlikely to combine the high yield 
potential and low sensitivity to severe drought spanning seed-filling phase 
(Figure 2). These results suggested that drought escape mechanism by early-
maturing genotypes is the safe option in the short-season environments. 
However, it is still necessary to screen genotypes in a given maturity group 
for resistance to end-of-season drought because of two reasons. Firstly, to 
identify genotypes with reasonable pod yields and better vegetative growth 
(in view of groundnut haulms being the valuable live-stock feed in most of 
the SAT environments) under severe end-of-season droughts. There exists a 
significant variation in the ability of genotypes to tolerate end-of-season 
drought and produce vegetative dry matter (data not shown). Secondly, end-
of-season drought is closely linked with aflatoxin contamination of the produce 
and that the screening for end-of-season drought also provides scope for 
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identification of genotypes with resistance to Aspergillus flavus infection and 
aflatoxin production (Mehan et al. 1988,1991). 
In view of these results, a large scale screening of germplasm for drought 
resistance focussed on assessing the genotypic response to mid- and end-
of-season droughts. 
(a) Screening for drought resistance 
Drought is a complex syndrome with three major and widely varying 
components, i.e. timing of occurrence during the season, duration and intensity. 
Occurrence of high radiation and temperatures and soil characteristics of the 
locations significantly influence the effects of drought and add to the 
complexity of defining the problem. The extreme variability in the nature of 
drought has made it difficult to define plant attributes required for improved 
performance under drought, consequently, liiruting the plant breeding efforts 
to enhance drought tolerance in groundnut. The approach and methodology 
followed at ICRISAT for enhancing drought resistance in groundnut are 
described in detail by Nageswara Rao (1994). Briefly, ICRISAT adopted a 
holistic approach in screening and selecting groundnut genotypes with 
superior performance to two most critical droughts i.e. mid-season and end-
of-season drought conditions. Because, both vegetative and pod yields are 
traits of economic importance in semi-arid tropics, selection of genotypes for 
drought resistant has been based on total dry matter and pod-yield production 
under a range of drought environments. In order to avoid confounding the 
effects of drought incidence with phenology of the crop, the varietal 
comparisons for drought sensitivity are made within a given taxonomic 
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(Spanish, 'Virginia bunch and Virginia runner) group. Genotypes resistant to 
drought have been identified by assessing their total and pod dry matter 
productivity under a range of drought intensities imposed at critical phases, 
using a line source sprinkler technique. The line-source system offers certain 
advantages, in that it allows large numbers of genotypes to be evaluated at 
varying intensities of drought in a given environment. The sprinkler irrigation 
technique simulates rainfall of varying intensities which subsequently wet 
the soil to different depths, a factor that is particularly important for groundnut 
with its subterranean podding habit. However, the technique has some 
limitations. For instance, screening has to be conducted in dry seasons where 
interference from rainfall is minimized. Also, strong wind during irrigation 
can influence the systematic nature of water deficits created, requiring complex 
statistical techniques for data analysis (Singh et al., 1991). The genotypes 
identified as being superior yielding with this technique, however, have to be 
re-evaluated under rainfed conditions in drought-prone environments. 
The ability of a genotype to recover from mid-season drought when water 
again becomes available plays a dominant role in genotype adaptation to a 
drought pattern where deficits are relieved by intermittent rains (Harris et 
al., 1988; Nageswara Rao et al.,1988). In this type of drought, as mentioned 
earlier, selection in well-watered environments is unlikely to identify genotypes 
with greater recovery responses. Although early water stress reduces the initial 
shoot growth and development, synchronous renewal of vegetative and 
reproductive development is often observed when the drought is relieved 
(Stirling et al, 1989). An increase in 1 4C translocation into stem apices and 
pegs has been observed when a crop was re-watered following a drought 
during the early reproductive phase. Significant variation among groundnut 
genotypes in ability to recover from mid-season drought has been observed 
(Figure 3) (Harris et al. 1988). The physiological factors responsible for 
genotypic variation in recovery patterns are unclear at this stage. 
The extensive screening done at ICRISAT has resulted in identification 
of genotypes with stability, and higher mean yield (compared to the 
experimental mean) under a range of drought environments. The selections 
from drought screening are evaluated for their performance in drought-
prone locations and are also used as parents in conventional breeding 
programme. The flow of germplasm through the screening and breeding 
cycle is shown in Figure 4. 
(b) Understanding resistance mechanisms and developing selection tools 
Current breeding methods utilize the empirical approach based on selection 
for high yield under a given drought environment. While such an approach 
has been partly successful, it requires huge investments in land, labour and 
capital to screen large numbers of progenies. In a general crop improvement 
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point of view, there is evidence of increasingly marginal returns from 
conventional breeding (Fehr 1984), suggesting that there is a need to seek 
more efficient methods for genetic enhancement of drought tolerance. Bidinger 
et al., 1982 and Garrity et al., 1982 argued that genetic improvement in yields 
of crops can be brought about if attributes that confer yield advantage under 
drought conditions can be identified and used as selection tools in breeding 
programmes to enable identification of drought tolerant genotypes. 
In recent years, there has been significant improvement in physiological 
understanding of genotypic response to drought in groundnut, suggesting 
scope for selecting genotypes with traits contributing to superior 
performance under water limited conditions. For instance, substantial 
genetic variation has been observed in partitioning of dry matter to pods 
(Mathews et al. 1988; Nageswara Rao et al. 1993). Conventional methods 
of determining partitioning ability of genotypes are laborious and 
cumbersome, and are unsuitable when large number of entries need to be 
valued for this trait. However, simple, non-destructive methods can be 
effectively used as preliminary screening tools to identify genotypes with 
efficient paragoning attributes (Williams and Saxena 1991). 
A significant genotypic variation in root system with the capacity to 
penetrate deeper soil layers has been reported (Ketring 1984; Wright et al. 
1991; Wright and Nageswara Rao 1994). This trait allows increased rnining 
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of water present in deeper layers. However, it does not imply that all 
genotypes with this trait are efficient water utilizers. 
Significant genotypic variation in total amount of water transpired, T, 
and transpiration efficiency, TE (defined as amount of dry matter produced 
per unit amount of water transpired), has been shown under field 
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F i g u r e 4 . F l o w o f g r o u n d n u t g e n o t y p e s i n d r o u g h t screen ing p r o g r a m m e a t ICRISAT. 
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conditions (Mathews et al. 1988). Further studies have confirmed large 
cultivar differences in TE in groundnuts grown in glasshouses and field 
conditions (Hubick et al. 1986,1988; Wright et al. 1988,1994a). These studies 
have made it possible to analyse the yield variation under drought 
conditions using a physiological frame work proposed by Passioura (1977), 
where 
pod yield = TxTEx Harvest Index (HI) 
Although a large variation has been found for each of these physiological 
traits in groundnut, there are substantial difficulties in accurately measuring 
them in large number of plants/populations needed for selection 
programmes. However, there has been a significant progress in understanding 
these mechanisms and developing novel and indirect selection tools for the 
model parameters (Wright and Nageswara Rao 1994b, Wright et al. 1996). 
For example, research has shown that TE and carbon isotope discrimination 
in leaf (A) are indeed well correlated in groundnut (Hubick et al., 1986, 
1988; Wright et al. 1988,1993,1994b), suggesting a possibility of using A as 
a rapid, non-destructive tool for selection of TE in groundnut (Figure 5A). 
However, further research has shown that specific leaf area (SLA, cm2/g) is 
well correlated with A and TE in groundnut (Figure 5B) (Wright et al. 1994). 
The stability of relationship between A and SLA over a wide range of 
cultivars and environments (Nageswara Rao and Wright 1994b) has raised 
the possibility of using SLA as an even more rapid and inexpensive 
technique for selection of TE (Figure 6). 
3 .2 
3.0 
2 .8 
2 .6 
3 2 . 4 
H I 
h- 2 .2 
2 .0 
1.8 
T \ A 
\ V 
B 
A 
-
\ A A 
-
\ n " 
-
\ ° 
• \ 1 1 i i • 
1 
18 2 0 2 1 2 2 110 120 1 3 0 140 1 5 0 160 170 
A x 1 0 3 SLA(cm 210 1) 
F i g u r e 5 . Re lat ionship between. T E a n d p ( A ) a n d T E a n d S L A (B) i n l eaves o f C h i c o ( O ) , 
M c C u b b i n ( • ) , S h u l a m i t (p) a n d Ti f ton-8 ( a ) u n d e r i n t e r m i t t e n t ( c l o s e d s y m b o l s ) a n d 
c o n t i n u o u s ( o p e n symbo l s ) d r o u g h t t rea tment s . TE = 11.31 - 0 .43 p, ( r 2 = 0 .89 , P < 0 .01 ) ; TE = 
5 .4 - 0 .2 S L A , {r1 = 0 .84 , P < 0 .01) . (Source: W r i g h t et al. 1 9 9 4 ) 
GENETIC OPTION FOR DROUGHT MANAGEMENT 133 
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These studies implied that SLA, which is a crude but easily measurable 
parameter, can be used as a rapid and inexpensive selection criterion for 
high TE. The ability to measure TE (using indirect tools such as A and SLA) 
made it possible to detect an apparent negative association between TE 
and HI Although the selection for high TE resulted in high total dry matter 
production, there was a consistent trend for negative relationship between 
TE and HI in a number of glass house and field studies (Hubick et al. 1988, 
Wright et al. 1993). A preliminary crossing programme showed that the 
negative association of moderate strength (r = -0.55) was consistent through 
F4 suggesting that concurrent improvement for the two traits may be difficult 
but should be possible. However, a more comprehensive survey of 
groundnut germplasm for T, TE and HI traits resulted in identification of 
genotypes with high levels of both TE and HI, suggesting that the negative 
linkage between TE and HI could have been broken (Nageswara Rao and 
Wright, unpublished data). 
Screening of groundnut germplasm for SLA indicated significant 
variability within and between taxonomic groups (Figure 7a). It was interesting 
to note that the genotypes belonging to variety hypogaea (Virginia bunch 
and runner types), had a lower mean SLA than those of variety fastigiata 
(Valencia and Spanish types) suggesting a likelihood of higher TE 
(Nageswara Rao et al. 1994). However, the former had lower partitioning 
ability than the latter (Figure 7b). 
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Recent progress in developing new and novel indirect methodologies to 
assess the model parameters with minimum and cost-effective 
measurements on the crop created new avenues for selecting groundnut 
genotypes with high levels of T, TE, and HI (Wright et al., 1996). There is 
some evidence that the groundnut genotypes having lower SLA (high TE) 
showed more stability in dry matter production under drought (Nautiyal 
et al., 2000, in press). It will be interesting to see if the concurrent selection 
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for the drought-resistance traits (T, TE, and HI) in a selection programme 
will lead to development of genotypes with stable yields across erratic 
rainfall seasons/environments. 
An ongoing ACIAR-funded collaborative project is currently assessing 
the value of the indirect selection tools in improving the efficiency of 
selection in a large-scale groundnut breeding programs in India and 
Australia. 
PROSPECTS OF MARKER-ASSISTED SELECTION (MAS) 
Most of the physiological traits are quantitative in nature. However, only a 
few loci with major effects and their allelic forms (polymorphisms) account 
for significant genetic variation in traits (i.e., the traits QTL). Using molecular 
markers, QTL can be detected in an appropriate population of plants. A 
locus for any quantitative trait can be mapped as long as polymorphism is 
observed in segregating populations under analysis and phenotypic 
information is available for lines in the population. However, compared to 
other crops, cultivated groundnut with currently available DNA markers 
shows limited polymorphic variation. Because of this reason, it has not been 
possible to construct a genetic map for cultivated groundnut. It is expected 
that newer markers/techniques will be able to discern polymorphic 
variation in cultivated groundnut clearly. Use of molecular markers for 
simultaneous improvement of traits associated with drought resistance will 
be more efficient than direct selection based on the phenotype because of 
the potential application of markers in breaking the negative association 
between traits. 
Contrary to the cultivated groundnut, its diploid wild species in section 
Arachis have shown abundant polymorphism and a linkage map, based on 
RFLPs, has been developed (Halward et al. 1994). DNA markers linked to 
a root-knot nematode resistance gene derived from wild Arachis have been 
identified. Following interspecific hybridization and using DNA markers 
for selection, advanced breeding lines with nematode resistance have been 
developed (Burow et al. 1996). Recently polymorphic variation in DNA 
has been detected in selected germplasm of cultivated groundnut, using 
RFLP and AFLP methods (He and Prakash 1995, Subramaniyan et al., 2000). 
However, there is limited information on biochemical and molecular basis 
for variation among genotypes for drought resistance (Nageswara Rao et 
al. 1995). Further research is necessary to develop linkages between the 
drought resistance traits and the molecular markers so that the MAS tools 
can be applied in the drought resistance breeding. With the rapid progress 
in analytical technology, it will not be too long before the markers associated 
with various phenological and physiological attributes will be detected and 
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used in the breeding programmes. It would also be worthwhile to evaluate 
wild Arachis species for physiological traits associated with drought and 
aflatoxin resistance and identify suitable DNA markers for drought 
resistance gene(s) for use in interspecific breeding to develop drought-
resistant lines. 
INTEGRATED MANAGEMENT SOLUTIONS FOR 
ENHANCING DROUGHT ADAPTATION IN GROUNDNUT 
The following three approaches can lead to increased soil moisture 
availability to the plants: 
(a) Matching crop phenology to environment 
(b) Optimal use of supplementary irrigation, if available 
(c) Increasing soil-available water to crop 
(a) Matching genotype to environment 
Significant diversity exists in the groundnut germplasm for various 
phenological traits (Wyne and Coffelt 1982) and offers the possibility of 
selecting genotypes with desired phenology for use in breeding 
programmes. In regions where the growing season is longer, cultivars 
belonging to the Virginia group (subspecies hypogaea) are generally selected. 
In regions where the season is shorter, Spanish and Valencia types 
(subspecies fastigiata) are selected. With perceivable changes in global 
climate (principally temperature and rainfall patterns), it has become 
necessary to match genotype more carefully to the length of the growing 
season. For example, groundnut production in West Africa has declined 
remarkably over the past several years due to severe droughts. The isohyets 
have moved towards south, resulting in shortening of the period of useful 
rains in the northern part of the region. The cultivars, which were productive 
earlier in the northern part, are no more suitable. Newer cultivars with 
short growing period (seventy-five to ninety days) are now required to 
sustain groundnut production in northern parts where the growing season 
is short and rainfall low. Agro-climatological analysis of major rainfed 
groundnut-growing environments in the SAT clearly indicates that growing 
areas are characterized by short growing seasons, i.e. 75-110 days (Virmani 
and Piara Singh 1986). This explains why short duration genotypes are 
generally successful in West African region (Gautreau, 1967; Bocklee-
Morvan, 1983) as well as in some parts of India (S.N. Nigam, ICRISAT, 
personal communication). 
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(b) Supplementary irrigation 
Irrigation is a popular production practice wherever groundnut is cultivated 
under high input conditions. It is well recognized that water will be a costly 
commodity in future agriculture and there is an increasing need to optimize 
the use of this resource. Variable results on the response of groundnuts to 
irrigation have been obtained, depending upon several factors including 
the timing and amount of irrigation, method of irrigation, the intensity of 
water deficit experienced by the crop and climatic conditions. Nageswara 
Rao et al. (1985) observed that drought during the pre-flowering phase, 
followed by adequate water availability, resulted in pod yields of between 
13% and 19% greater than fully irrigated crops in a two-year study. This 
study showed a significant interaction between evapotranspiration and pod 
yield with different timings of drought, which in turn, resulted in significant 
effect on the number of mature pods at harvest (Nageswara Rao et al., 1988). 
As mentioned earlier, the sensitivity of the crop to drought was less in early 
and mid-season drought compared with late-season droughts. Several 
reports have indicated that the pod-filling phase is most sensitive to drought 
(Pallas et al. 1979; Nageswara Rao et al. 1985), suggesting that the 
supplementary irrigation, if available can efficiently be used to alleviate 
drought during pod-filing phase. However, it is interesting to note that 
Nageswara Rao and Williams (1984) found that exposing the crop to a short 
drought during the early vegetative phase reduced the impact of-a second 
'drought at the seedling phase, indicating an adaptive response of 
groundnuts to drought. It is possible that early drought may enhance root 
development and reduce transpiration losses by limiting leaf area 
development, which subsequently allows the use of soil moisture from 
deeper layers in the soil profile. The beneficial effect of subjecting the crop 
to an early drought has considerable practical implications for irrigation 
management. Since the crop can endure long droughts during the early 
growth phase without major yield losses, supplementary irrigation, when 
available, should be used largely to support crop growth during the 
reproductive stage. For instance, in a five-year study in India, sowing of 
groundnut with one irrigation prior to the arrival of the monsoon (in July) 
resulted in moderate crop water deficits during the early growth stage and 
an increase in yield of up to 22% (Pasricha et al. 1987). However, there is 
further need for research in this area to fine tune agronomic recommendations 
considering wide variation in the crop maturity of varieties grown by the 
SAT farmers and agro-climatic environments. 
(c) Management practices to increase water availability to the crop 
Under irrigated or rainfed systems, another agronomic practice having a 
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positive influence on yield of groundnut was the broad-bed and furrow 
(BBF) method of land preparation. Although BBF system of land preparation 
has been developed as a soil conservation practice for vertisols, this system 
has been shown to be advantageous for rainfed groundnut production on 
alfisols. Large-scale experiments conducted at ICRISAT and other locations 
in India have shown that BBF method of land preparation resulted in about 
18-20% increased pod yields in groundnut under rainfed conditions (Table 
1). In addition to the pod yield, an important consideration in these results 
is the significant increase in total dry matter under BBF system. Forming 
broad-bed and furrows across slopes of the land can result in enhanced 
storage of rainwater, thus increasing water availability to the crop. Furrows 
also act as drainage channels under excess rainfall conditions, thus 
increasing aeration to pods and nodules by avoiding water logging in and 
around the pod zone. Under irrigated conditions, the furrows are usually 
used as irrigation channels. However, the width of the bed is subjected to 
the soil physical properties governing the lateral movement of water. 
Table 1 : Effect o f ra i sed a n d f u r r o w (BBF) a n d flat s o w i n g s y s t e m on y ie lds o f g r o u n d n u t 
g e n o t y p e s a t the D r y F a r m i n g R e s e a r c h Stat ion, A n a n t a p u r ( 1 9 8 8 r a i n y season) 
P o d w t . Veg. w t . Tota l d r y m a t t e r H I (%) 
k g ha" 1 k g ha" 1 k g ha" 1 
G e n o t y p e B B F F l a t B B F F l a t B B F F l a t B B F F l a t 
N C A c 1 7 0 9 0 1 2 9 0 9 9 0 1 5 7 5 1 4 4 0 3 7 1 0 3 0 7 0 4 5 4 0 
I C G V 8 6 0 5 5 1 3 3 0 1 1 4 0 9 5 0 9 2 0 3 1 5 0 2 8 0 0 5 8 5 6 
T M V 2 1 2 7 5 1 1 1 0 9 3 0 9 0 6 3 0 3 0 2 7 3 5 5 8 5 5 
J U 1 4 2 0 1 2 5 0 1 0 4 0 1 1 1 5 3 3 8 0 3 1 8 5 5 8 5 3 
S E ± 7 4 . 7 ± 9 6 . 0 ± 1 9 9 . 6 ± 1 . 6 
C V (%) 1 3 . 7 1 9 . 4 1 4 . 7 6.1 . 
Generally, yield advantages from BBF were realized only when the 
structure of BBF was maintained through the growing season. An additional 
advantage of having BBF is that the furrows also act as pathways for people 
and animals to carry out crop management practices without physically 
disturbing the pod zone during the pod filling phase. 
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